The alveolar region of the lung creates an extensive epithelial surface that mediates the transfer of oxygen and carbon dioxide required for respiration after birth. Maintenance of pulmonary function depends on the function of type II epithelial cells that synthesize and secrete pulmonary surfactant lipids and proteins, reducing the collapsing forces created at the air-liquid interface in the alveoli. Genetic and acquired disorders associated with the surfactant system cause both acute and chronic lung disease. Mutations in the ABCA3, SFTPA, SFTPB, SFTPC, SCL34A2, and TERT genes disrupt type II cell function and/or surfactant homeostasis, causing neonatal respiratory failure and chronic interstitial lung disease. Defects in GM-CSF receptor function disrupt surfactant clearance, causing pulmonary alveolar proteinosis. Abnormalities in the surfactant system and disruption of type II cell homeostasis underlie the pathogenesis of pulmonary disorders previously considered idiopathic, providing the basis for improved diagnosis and therapies of these rare lung diseases.
INTRODUCTION
The respiratory tract consists of a remarkable, highly branched, tubular structure that leads to ~300 million alveolar sacs, creating an extensive surface area through which oxygen and carbon dioxide are exchanged in blood within alveolar capillaries. The alveolar surface is lined by type II and type I alveolar epithelial cells that are in direct contact with respiratory gases, creating collapsing forces at the air-liquid interface. To maintain inflation, these surface forces are mitigated by the presence of pulmonary surfactant (a mixture of proteins and lipids) that is synthesized and secreted onto the alveolar surface by type II epithelial cells. Because pulmonary surfactant reduces surface tension, it is critical for the maintenance of lung volumes during the respiratory cycle. Lack of pulmonary surfactant in preterm infants with respiratory distress syndrome or adults with acute respiratory distress syndrome causes atelectasis leading to respiratory failure.
The type II cell plays a critical role in surfactant production and in repair of the lung following injury, and it is the progenitor cell for type I epithelial cells, which comprise the majority of the gas-exchange region of the alveolus. It is increasingly clear that alterations in genes and processes affecting both type II cell homeostasis and surfactant function underlie the pathogenesis of a number of severe pulmonary diseases affecting infants, children, and adults, which, until very recently, were considered idiopathic.
PULMONARY SURFACTANT
Pulmonary surfactant is a complex mixture of lipids, mostly phosphatidylcholine (PC), and associated proteins. Four of these surfactant proteins, designated SP-A, SP-B, SP-C, and SP-D, play critical roles in various aspects of surfactant structure, function, and metabolism (1) . All four are expressed at relatively high levels in type II cells and have distinct structures and functions. Alveolar surfactant takes on discrete physical forms, including the abundant, highly ordered material called tubular myelin as well as multilamellated and smaller, vesicular, protein-lipid structures that can be isolated from the lung. Surfactant forms are determined by the presence or absence of surfactant proteins and lipids, by the physical forces generated during the respiratory cycle, and by selective processes mediating uptake or degradation ( Figure 1 ). Surfactant multilayers, derived from highly lamellated and tubular myelin forms, spread over the surface of the alveolus and reduce surface tension. Surfactant components are recycled by type II cells or catabolized by alveolar macrophages in a highly regulated system that maintains precise levels of pulmonary surfactant throughout life. Both surfactant lipids and proteins are synthesized primarily by type II cells. Surfactant lipids are stored in large, lipid-rich, intracellular organelles, termed lamellar bodies. Lamellar bodies are rich in the surfactant-associated phospholipids, PC and phosphatidylglycerol (PG), and in two low-molecular-weight, hydrophobic surfactant proteins, SP-B and SP-C, that are cosecreted with the surfactant lipids and interact closely with them (2).
SP-B and SP-C alter lipid packing and spreading and enhance the surface tension-lowering activity of the lipids, as well as stabilizing the lipid layers during the respiratory cycle. The surfactant proteins SP-A and SP-D are larger, relatively abundant, oligomeric proteins that are also synthesized and secreted by type II cells. SP-D and SP-A are structurally related members of the collectin family of C-type mammalian lectins that share distinct collagenlike and globular, carbohydrate-binding domains. SP-A is required for the formation of tubular myelin and plays diverse roles in host-defense functions of the lung (3) (4) (5) . SP-A binds lipopolysaccharides and various microbial pathogens, enhancing their clearance from the lung. Unlike SP-B and SP-C, SP-A does not play a critical role in surface functions, metabolism, or pulmonary surfactant under normal conditions. SP-D, however, influences the structural forms of pulmonary surfactant and is important in the regulation of alveolar surfactant pool sizes and reuptake (6) (7) (8) . SP-D is also necessary in the suppression of pulmonary inflammation and in host defense against viral, fungal, and bacterial pathogens (see References 3, 5 for review).Taken together, surfactant lipids and proteins play critical roles in (a) reducing surface tension in the alveolus, as required for ventilation, and (b) modulating various aspects of innate host defense of the lung against diverse pulmonary pathogens.
GENETIC BASIS OF DISORDERS OF THE SURFACTANT SYSTEM
Genetic causes of pulmonary disease related to the pulmonary surfactant system were first recognized in full-term infants who presented with severe respiratory failure and failed medical management, including surfactant replacement (see Reference 9 for review). Two major classes of surfactant system-related disorders have been recognized, those that cause disease by disrupting the functions of proteins critical for surfactant homeostasis and those that cause alveolar cell injury mediated by protein misfolding or toxic gain of function. Genetic disorders of surfactant homeostasis cause severe respiratory failure in the newborn period and interstitial lung disease (ILD) in older infants, children, and adults (Table 1) . Histological diagnoses associated with these disorders include congenital alveolar proteinosis, desquamative interstitial pneumonitis, chronic pneumonitis of infancy, nonspecific interstitial pneumonitis, and usual interstitial pneumonitis (9) . Diffuse alveolar diseases, including idiopathic pulmonary fibrosis (IPF), pulmonary alveolar proteinosis (PAP) (10) , and chronic pulmonary microlithiasis, have been associated, respectively, with mutations in SP-A (11) and the telomerase reverse transcriptase gene (TERT) (12, 13) , in GM-CSF receptors (14, 15) , and in the sodium/phosphate transport protein, SCL34A2 (16) (17) (18) . Genetic causes, presentations, and courses of these disorders are relatively distinct.
Mutations in genes encoding SP-C (SFTPC), telomerase (TERT), and, most recently, SP-A (SFTPA) have been linked to familial interstitial pneumonia. These loci do not account for all familial forms of the disease; ILD is a significant component of other inherited disorders, such as Hermansky-Pudlak syndrome. Familial interstitial pneumonia accounts for ~2% of all interstitial pneumonias and is characterized by autosomal dominant inheritance with incomplete penetrance and early onset of disease relative to idiopathic forms (19) .
HEREDITARY SURFACTANT PROTEIN B (SP-B) DISORDERS
Hereditary SP-B deficiency (OMIM #265120) is a relatively rare autosomal recessive disorder with a carrier rate estimated to be less than 1:2000 (20) .
Clinical Presentation
Hereditary SP-B deficiency usually presents in full-term infants with unexplained respiratory distress and findings typical of respiratory distress syndrome in preterm infants, the latter lacking surfactant on a maturational basis (21) . Infants may have a family history of unexplained neonatal death or consanguinity. Cyanosis and respiratory distress are usually noted in the first hours after birth, followed by respiratory failure that is refractory to surfactant replacement, ventilation, and other supportive care. Initial chest X-rays show diffuse opacification consistent with atelectasis. Respiratory failure is progressive, generally leading to death within weeks to months of age despite assisted ventilation, oxygen, or extracorporeal membrane oxygenation.
Pathogenesis and Diagnosis
The SFTPB gene is located on chromosome 2 (OMIM #178640). Hereditary SP-B deficiency has been linked to a number of distinct mutations in the SFTPB gene. These include deletion, termination, missense, and substitution mutations that interfere with the synthesis of proSP-B or produce an aberrant proSP-B protein that is not fully processed, leading to a loss of the active, mature SP-B peptide. Mature SP-B is a 79-amino-acid, amphipathic peptide that interacts closely with the surface of phosphatidylcholine-rich membranes in surfactant. The active peptide is produced by proteolytic processing of a 381-amino-acid proprotein during trafficking from the endoplasmic reticulum (ER) to multivesicular and lamellar bodies (2) . A relatively common insertional mutation, 121ins2, causes the synthesis of an unstable mRNA with loss of synthesis of both proSP-B and SP-B peptides (9, 21) . Neither proSP-B nor SP-B is detected in the lungs of patients bearing the 121ins2 mutation. In contrast, other SFTPB mutations result in the production of an incompletely processed proSP-B protein that is detected within the type II cells.
In most forms of hereditary SP-B deficiency, the active SP-B peptide is absent in the surfactant isolated from alveolar wash or in the alveoli as assessed by immunohistochemistry (22) . Consistent with the importance of SP-B in surfactant function, surfactant activity is deficient in material isolated from patients with this disorder. Histological findings in hereditary SP-B deficiency include (a) the accumulation of eosinophilic or periodic acid-Schiff (PAS)-positive, lipoproteinaceous material in the alveolar spaces, which often contain foamy alveolar macrophages; (b) hyperplastic alveolar epithelia with prominent type II cells; and (c) thickening of the alveolar septa, which is caused by proliferation of interstitial fibroblasts (Figure 2) . At the ultrastructural level, type II cells lack lamellar bodies and contain large, atypical, multivesicular bodies, likely representing the failure of phospholipid membrane fusion during the packaging of surfactant lipids ( Figure 2 ). Tubular myelin is absent, and abnormally processed proSP-C and SP-A accumulate with lipids in the alveolar spaces, providing a basis for the pathological diagnosis of congenital alveolar proteinosis. The alveoli are generally remodeled and lined by cuboidal type II cells, although this varies depending on the age of the infant and supportive care. Inflammation is also variable, generally consisting of foamy alveolar macrophages. Physiological, biochemical, and histological findings in lungs of patients with hereditary SP-B deficiency are consistent with those seen in Sftpb −/− gene targeted mice, supporting the concept that the pathogenesis of lung dysfunction in this disorder is related primarily to the lack of SP-B in type II cells and in the alveolus (23) .
The diagnosis of hereditary SP-B deficiency, when suspected clinically and pathologically, is confirmed by the identification of mutations in the SFTPB gene. Because SP-B is required for both intracellular and extracellular aspects of surfactant homeostasis, the disease has not been treated successfully with surfactant replacement and supportive care. Survival has been extended by lung transplantation in a small number of infants with hereditary SP-B deficiency (24) .
HEREDITARY ATP-BINDING CASSETTE A3 (ABCA3) DISORDERS
Mutations in the ABCA3 lipid transport protein cause a relatively rare autosomal recessive disorder that is presently the most common genetic cause of respiratory failure in full-term infants.
Clinical Presentation
Most infants with mutations in the ATP-binding cassette, subfamily A, member 3 (or ABCA3) gene (OMIM #610921) present with severe respiratory distress and cyanosis requiring ventilatory support in the immediate newborn period. The clinical findings are consistent with surfactant deficiency (25) . Radiographic findings demonstrate diffuse alveolar disease and atelectasis. Respiratory failure occurs despite surfactant replacement and ventilatory support, and most infants die in the first months of life.
Pathogenesis and Diagnosis
The ABCA3 gene is located on chromosome 16 (OMIM #601615). ABCA3 deficiency is inherited as an autosomal recessive mutation, and >150 distinct mutations have been identified in association with severe neonatal lung disease. The vast majority of ABCA3 mutations cause neonatal lung disease and death within the first months of life. Less frequently, milder ABCA3 mutations (for example, E292V) are associated with chronic lung disease with features of ILD, desquamative interstitial pneumonitis, and nonspecific interstitial pneumonitis presenting in childhood (26, 27) . The ABCA3 gene encodes a large, multiple-membrane-spanning polypeptide that is a member of the family of ABC transporters, which includes the cystic fibrosis transmembrane conductance regulator (CFTR) and the multiple drug resistant transporter (MDR). Although the ABCA3 protein is expressed in many tissues, it is expressed highly in type II cells, where it is located at the limiting membranes of lamellar bodies (28, 29) .
ABCA3 mutations are associated with histological features of congenital alveolar proteinosis (25, 27) . The respiratory epithelium undergoes cuboidal hyperplasia with remodeling and loss of alveoli, as well as accumulation of lipid-rich macrophages in the airspaces (Figure 2) . Surfactant from patients with ABCA3-related lung disease is deficient in both PG and PC and has little surface activity (30) . ABCA3 is located at the limiting membrane of lamellar bodies in alveolar type II cells, where it plays an important role in lipid transport, including both cholesterol and PC (29, 31) . At the ultrastructural level, normal lamellar bodies are lacking in lungs of patients with ABCA3-related disease (25, 27) . The presence of small intracellular organelles containing electron-dense material, likely representing lamellar bodies that lack appropriate lipid constituents, is useful in the tentative diagnosis of ABCA3-related disease (Figure 2 ). In general, the surfactant proteins A, B, C, and D are detected by immunohistochemistry in lung tissue from patients with lung disease caused by mutations in ABCA3. As in hereditary SP-B deficiency, the diagnosis of ABCA3-related disease is made by clinical and pathological findings supported by histological and ultrastructural studies. Definitive diagnosis is made by the identification of mutations in the ABCA3 gene locus. ABCA3-related lung disease is severe and usually results in death in the first months of life. Life has been extended by lung transplantation in a number of patients with ABCA3 mutations (27, 30) .
HEREDITARY SP-C DISORDERS
SP-C is a small, extremely hydrophobic peptide synthesized and secreted with surfactant lipid into the alveoli by type II alveolar cells. SP-C is produced from a precursor (proSP-C) encoded by the SFTPC gene. Mutations in SFTPC have been recently linked to familial and sporadic ILD (OMIM #610913).
Clinical Presentation
The index case was an infant who developed respiratory symptoms at six weeks of age and was diagnosed subsequently with interstitial pneumonitis (32) . DNA sequence analysis of the SFTPC gene identified a mutation in a donor splice site (c.460 + lG → A) of one allele that resulted in deletion of exon 4 and consequent loss of 37 amino acids in the C-terminal peptide of the proprotein (referred to as SP-C Δexon4 ). A separate SFTPC mutation (exon 5+128T→A) that results in substitution of glutamine for leucine (L188Q) was recently identified in two independent kindreds (33, 34) . Family members exhibited variable onset of disease, from infancy to adulthood, with autosomal dominant inheritance and incomplete penetrance.
Pathogenesis and Diagnosis
The SFTPC gene is located in chromosome 8 (OMIM #178620). To date, approximately 40 missense, splice, or frameshift SFTPC mutations have been associated with familial or sporadic ILD. In general, SFTPC mutations are located in the brichos domain of proSPC, causing misfolding or aberrant processing of the precursor. Histological features of lung disease caused by mutations in the SFTPC gene include (a) diffuse alveolar damage of varying severity, (b) interstitial thickening with mild lymphocytic inflammation, (c) thickening of the alveolar septa, (d) accumulation of foamy alveolar macrophages and variable amounts of eosinophilic alveolar proteinosis material, and (e) regenerating alveolar epithelium lined by hyperplastic type II cells (Figure 2 ).
Mutations that alter the ability of a protein to fold correctly result in retention of the unfolded/ misfolded protein in the ER (35, 36) . Accumulation of unfolded or misfolded protein in the ER, a condition known as ER stress, induces an ER-to-nucleus signal pathway called the unfolded protein response, which increases transcription of chaperones that promote protein folding. In addition, translation of mRNA is attenuated, effectively slowing entry of newly synthesized protein into the ER and increasing the ratio of chaperone to unfolded protein. Proteins that fail to fold under these conditions are diverted to the ERassociated degradation (ERAD) pathway, in which misfolded protein is translocated to the cytosol for degradation by 26S proteasome. Failure to eliminate rapidly the terminally misfolded proteins can lead to formation of cytotoxic aggregates and/or trigger cell death pathways. Both SP-C Δexon4 and SP-C L188Q proproteins cause ER stress and readily aggregate when the ERAD pathway is compromised (37, 38) .
Targeted expression of SP-C Δexon4 in type II cells of transgenic mice resulted in dosedependent cytotoxicity leading to disruption of lung morphogenesis and respiratory failure at birth (39) . Importantly, lung dysmorphogenesis occurred in the presence of two wild-type Sftpc alleles, consistent with a toxic gain-of-function effect. This phenotype was not due to degradation and loss of mature SP-C peptide in the airspaces, since perinatal lung development and function were normal in Sftpc −/− mice (40) . Collectively, these results suggest that certain SFTPC mutations lead to irreversible misfolding of the SP-C proprotein and accumulation of misfolded protein that, in turn, leads to cell injury and death. This hypothesis is supported by the results of experiments confirming the cytotoxicity of mutant SP-C protein in cell culture (41, 42) .
The cytotoxic effect of mutant SP-C fits well with the emerging concept that epithelial cell injury and aberrant re-epithelialization are critical steps in the pathogenesis of ILD (43) . What remains unclear is why the onset and severity of disease are so variable within a kindred. For example, in the L188Q kindred, the age of onset ranged from 4 months to 57 years, with histopathological findings ranging from non-specific interstitial pneumonitis in infants to usual interstitial pneumonitis in older patients (33) . Phenotypic variability may be due in part to the influence of other genes, which render some patients more susceptible or resistant to disease, and in part to environmental stresses that may trigger or exacerbate disease. Interestingly, cells that stably expressed SP-C Δexon4 in culture adapted to chronic ER stress imposed by the mutant protein and grew normally; however, adaptation was accompanied by greatly increased susceptibility to viral-induced cell death (42) . These findings provide a potential explanation for delayed onset of disease but have yet to be translated to an animal model. Two recent studies of IPF patients support a role for ER stress in pathogenesis. One study detected markers of ER stress and apoptosis in alveolar epithelial cells of IPF patients but not in those of patients with chronic obstructive pulmonary disease (44) . The other study confirmed evidence of both ER stress and herpesvirus infection (45) . Thus, ER stress may be a molecular pathway common to both familial and idiopathic forms of ILD. The precise roles of ER stress and environmental stress in the initiation and/or progression of ILD remain to be defined.
HEREDITARY SP-A DISORDERS
A recent study reported an association between two heterozygous mutations in the SFTPA2 gene (OMIM #178642) and familial pulmonary fibrosis that segregated with lung cancer (11) . The results of preliminary studies suggested that the mutations caused misfolding and trapping of SP-A in the ER that could lead to loss of protein in the airspaces. Since Sftpa −/− mice have normal lung structure and function and do not develop ILD (46) , it is possible that SFTPA2 mutations exert a toxic gain-of-function effect similar to SFTPC mutations. It remains unclear, however, if mutant SP-A actually induces ER stress, is degraded by ERAD, or forms cytotoxic aggregates.
PULMONARY ALVEOLAR PROTEINOSIS
Pulmonary alveolar proteinosis (PAP) (OMIM #610910) is a rare disorder in which the alveoli become filled with surfactant lipids and proteins leading to progressive respiratory insufficiency (10, 47, 48) .
Clinical Presentation
PAP is rarely diagnosed in childhood; it more commonly presents in adulthood in both acquired and secondary forms. Patients usually present with progressive dyspnea, exercise intolerance, and clubbing.
Radiologic studies demonstrate diffuse alveolar opacities, termed "crazy-paving," but lack the fibrosis or remodeling associated with ILD (49). Alveolar wash or histologic assessment of lung biopsy demonstrates the accumulation of surfactant lipids and proteins and foamy alveolar macrophages in the lung. Surfactant lipids and proteins, including SP-A, SP-B, SP-C, and SP-D, accumulate in large quantities, and the material isolated from PAP patients maintains its surface-active properties. Thus, lung function and structure are generally well preserved. The pathological findings in acquired PAP are distinct from those in genetic pulmonary disorders related to SP-B, SP-C, or ABCA3, wherein surfactant is dysfunctional with resultant respiratory failure, pulmonary fibrosis and remodeling.
Pathogenesis and Diagnosis: Role of GM-CSF in Acquired PAP
The critical role of GM-CSF signaling in the pathogenesis of PAP was first recognized from studies in transgenic mice lacking GM-CSF (50, 51) or the common β-chain of the GM-CSF receptor (52) . Both of these mouse models developed severe PAP with features virtually identical to those in human patients with acquired PAP. The mouse models demonstrated that the disorder was related to the inability of alveolar macrophages to clear or metabolize surfactant lipids and proteins. Replacement of GM-CSF in the lung rapidly restored alveolar macrophage differentiation and surfactant clearance, correcting the PAP (53, 54) . The recognition that most adult patients with acquired PAP have high circulating levels of anti-GM-CSF autoantibodies provided a critical link between the mouse studies and the clinical disorder (55) . Thus, it has been established that GM-CSF plays a critical, nonredundant role in the regulation of differentiated functions of the alveolar macrophage in the lung. Its absence results in failure to degrade surfactant components, leading to the progressive accumulation of normal lipids and proteins in the lung (56, 57) . Because alveoli are well preserved in PAP, lung function can be restored by physical removal of the excess surfactant using alveolar wash or by treatment with GM-CSF using lung aerosol or systemic administration.
Role of GM-CSF Receptors in Hereditary PAP
GM-CSF activity requires signaling via the dimerization of its receptors, consisting of an α-chain and common β-chain that activate JAK/STAT5 signaling to enhance macrophage differentiation and function. Dysfunction of the common β-chain of the GM-CSF receptor (OMIM #300770) has been associated with PAP (58) . Recently, mutations in the α-chain of the GM-CSF receptor (OMIM #306250) were implicated in the pathogenesis of PAP (14, 15) . A number of patients with PAP related to mutations in the α-chain of the GM-CSF receptor have now been identified, usually presenting with signs and symptoms in childhood. Clinical and histopathological features are similar to those of acquired PAP, although these patients usually present at earlier ages (Figure 2 ).
The diagnosis of hereditary PAP is supported by clinical, pathological, and radiological findings. The definitive diagnosis can now be made by the identification of mutations in the genes encoding the GM-CSF receptors. Since some of the GM-CSF α-chain mutations retain residual activity, it is expected that some patients will respond to treatment with additional GM-CSF. PAP caused by mutation in the common β-chain in mice was rescued by bone marrow transplantation (59) , providing support for the feasibility of future cellbased therapies for refractory PAP in patients with defects in GM-CSF signaling.
HEREDITARY PULMONARY ALVEOLAR MICROLITHIASIS
Hereditary pulmonary alveolar microlithiasis (SCL34A2; OMIM #265100) is a rare autosomal disorder causing diffuse alveolar disease in which calcified, crystalline microliths are observed throughout the airspaces. The disease is transmitted as an autosomal recessive disorder, generally presenting in middle age with progressive respiratory deterioration. Dense, diffuse, reticulonodular densities are seen on CT scanning (60) . More than 600 cases of pulmonary alveolar microlithiasis have been reported (61) , and recent genome-wide studies demonstrate its linkage to a sodium-phosphate cotransport protein, SCL34A2 (OMIM #604217). SCL34A2 is a sodium-dependent phosphate transporter that is highly expressed in type II cells in the lung (62, 63) . The precise pathogenesis of this disorder, leading to the accumulation of calcium phosphate crystals in the alveolus, has been proposed to be related to the degradation of surfactant phospholipids and the release of phosphate into the alveolus, which, in turn, must be cleared from the lung by transport via SCL34A2. A number of mutations have been identified in the SCL34A2 gene, including missense, frameshift, gene termination, amino acid substitutions, and promoter deletions (16) (17) (18) . Although the disorder generally presents with pulmonary symptoms, testicular microlithiasis, a cause of male sterility, has also been associated with mutations in SCL34A2 (16) . The diagnosis of pulmonary microlithiasis is made by clinical and radiologic criteria, and the definitive diagnosis can now be made by the identification of mutations in the SCL34A2 gene.
PULMONARY FIBROSIS ASSOCIATED WITH DEFECTS IN TELOMERASE
Heterozygous mutations in genes encoding two essential components of telomerase, TERT (OMIM #187270) and telomerase RNA component (TERC, OMIM #602322), are also associated with pulmonary fibrosis (12, 13) . Telomerase activity is elevated in proliferating cells, and loss of activity results in telomere shortening that can trigger cell death pathways. Telomere shortening has also been detected in IPF patients without mutations in telomerase (64) . Thus, it is likely that pathogenesis is related to telomere shortening rather than to mutations in the telomerase genes. The current view is that telomere shortening leads to loss of epithelial cells during a critical window of reepithelialization that, in turn, drives a fibrotic response (Figure 1 
3.
Mutations in the genes encoding SP-A, SP-B, and SP-C are the cause of acute respiratory distress syndrome or interstitial lung disease in neonates and older individuals.
4.
Mutations in ABCA3, a gene required for surfactant lipid packaging in type II cells, cause acute respiratory distress syndrome and, less commonly, interstitial lung disease.
5.
Mutations in genes regulating aspects of surfactant catabolism cause diffuse alveolar disease, including alveolar pulmonary microlithiasis (SCL34A2) and pulmonary alveolar proteinosis (GM-CSF receptor).
6.
Protein misfolding associated with SP-C-related lung disease causes type II cell injury.
7.
The definitive diagnosis of a number of lung diseases can now be made by genetic analysis.
8.
Defects in GM-CSF signaling caused by autoantibodies against GM-CSF or by mutations in GM-CSF receptors disrupt alveolar macrophage function, leading to pulmonary alveolar proteinosis. Surfactant metabolism. The contents of the lamellar body, including surfactant proteins and lipids, are secreted into the alveoli, where they form a phospholipid-rich film that is essential for preventing alveolar collapse. Approximately half of the alveolar surfactant pool is cleared through a GM-CSF-dependent alveolar macrophage pathway. Most of the remaining surfactant is taken up by the type II epithelial cell and recycled to the lamellar body, via the multivesicular body/late endosome (MVB/LE), for resecretion, while a portion is degraded in lysosomes. Biosynthesis of surfactant proteins and lipids is integrated with the recycling/ degradation pathways to maintain intracellular and alveolar surfactant pool size. Mutations resulting in decreased GM-CSF (granulocyte macrophage colony-stimulating factor) signaling lead to increased alveolar surfactant pool size. Mutations in genes encoding SP-B and ABCA3 lead to altered lamellar body structure and loss of surfactant function. Mutations in genes encoding SP-C and possibly SP-A lead to misfolded protein that is degraded by the proteasome; failure to clear misfolded protein causes cytotoxicity and, ultimately, interstitial lung disease (ILD). Mutations in the gene encoding telomerase are also associated with cell death and ILD. Mutations in the gene SCL34A2 disrupt phosphate transport and are associated with formation of microliths in the alveolar airspaces.
Biosynthetic pathways are shown in blue and catabolic pathways are colored red; the width of the arrow indicates the relative contribution of each pathway to metabolism. Lung from a neonate with a lethal SFTPB mutation, demonstrating the typical pattern of congenital alveolar proteinosis (CAP) with thickened alveolar septa. The alveolar proteinosis material is composed of foamy, eosinophilic, lipoproteinaceous secretions rich in
